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(54) METHOD AND APPARATUS FOR FORMING POROUS GLASS PREFORM 

(57)Abstract: 

PURPOSE: To form a preform quickly while minimizing a 
loss by an end effect by forming the preform with many 
burners oscillated along only part of the preform. 
CONSTITUTION: The thin and long substantially porous 
glass 0 17 is formed by steps (a) a thin and long 
cylindrical start member is prepared; (b) an array 13 for 
a soot deposition burner 13 is provided; and (c) each 
burner 13 of the array 23 is oscillated relatively between 
the array 23 of the soot deposition burners and the start 
member so as to deposit the soot on part of the 
available length of the preform 17. 
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1 

(a) ft#*W©WI*BJfeUT^U7*-Aft*»-r 
<5 1 cofSt, 

(b) StJ|B^U7*-A±lc^9XX- h*it*aii-« 

(c) WSB7l/^rtc7)^N # -^^fT^U^O^tr^ 
ftJI&Kfco TdE/t-tOTW ^^Sft^ii^^ 2 cd 

\z fflrffi y u y * - a s tcfc & ^ t it «e m^— * 

tic 

cw*^3] wmm3v>¥m&mffl?*)y*-j*£rt- 

* LTV>* WdSB 1 2 <£>3£a, 

RBUT43D, j^o/tfcttHBIXWttyU 7*- 

* G>/ \ ~ # A £ Affi b T V* 3 ©gg, 30 

ft X) T89EA -:*-<*> 7 U-f $M$t^#g^tlT 
V^W«3H1, 2, 3 4ttt4 08B. 

»*a7] W/t-tTKO/t-WB^WIIIIII 

1 — 6 <E>5 ^<7) 1 ^tCct^^gc 

lejfcHWKUffL^B** l - 7 co3-&^> l afc«t«« 

[So 50 




/ftllgsM- 2 6 0 6 1 8 

2 

[»*B9] 1WE«»*a*«. iEA-tW7WW 
lRj&a2STS»Bf*. »Sl/<ttA-t©7H§l^ 

[ffiMfcStl o] IftV«B»i:*ftHo»?x^U7* 
- a £fej*t- zlj&re o t> 

(a) M«V^n«K^tt»HW«94iU« 

(b) x-h*seffl/t-*-orw«RW"* 

(c) ±ETP<©*A-^yU7*-AC0ffifflaIflB 
x- h*«ffl;t- 1©7 w t±Effl»»8t©Mfc« 

[»*«! 11 ffiEXS <c) WrfcX- b*** ^U7* 
EIS (c) ©fc^je^U^^-AOttfflHttfi^B 

[mmii 2] MB/t-tTwtiwitta^Ta 
»&srrttJnwfex«&^'r?*5D, nEss*©atntt 

t3«rE*«ttllWBtt*«W©«a fc#WJE©»* 

<&A/ri>-SB3&H 1 0 *&tt 1 1 0*7^o 
[0 0 0 1] 

•r*<otfflv^fc»o*aH^9x^'j7*-A*»* 

[0 0 0 2] 

*©**©a***4i*n?**. *®4*ff?S4i 
3 5 9 0 1§, ^4 1 3 6 8 2 8^, 1^4 2.0 3 5 
5 3f, 1^4 3 7 8 9 8 5^ BS4 4 8 6 2 1 2 
5 6 8 3 7 0^ 6 8 4 3 8 4^ 3$ 

£tfH-ny/WffF£#»l 5 4 5 0 omimtStllt 

[0 0 0 3] *H#lfJg4 4 8 6 2 1 2fl:^$nT^ 
a±3fc»*«fcaaSTIi. ^U7*-At*hOii 
0Sto9T[S&3tt&#t&, *O^U7*-A©ASC 

*f ho -y Htt^U y*- A0»ft©ffllfifl:B4Sti 
J&£n&n>V "J 5 s - h£nfc(consol idated);tf ?:*n 
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(3) 



4-260618 



[0 0 0 4] !/'J 7*-2*<D&m%}m : £&&2>?Z#>lZ« 

*<i^6tifc. tto*A3»«Bi icassnrv**. -c^[g 

ftOC» *ftOJi«/X-^l 3 a, 13 b, 13c^ 
[0 0 0 5] VfrV, SltA-^ftA^«C&lCt>^jft 

[0 0 0 6] £0>fls/Bj&*H 1 lw*3tlT45D* £0>« 
£\ l«li:M^-tl3a, 1 3 bfflOWISateD* 

*tu^i50!)»iffiiKLTW. c©ai:*$nt 20 

«2 HiA-t 1 3 b*3£tf 1 3 c*^W^tt>»jaua: 

[0007] ens bT, Ktt^U 
^ 4- - RrtBft«a tttof *k l-d tc-r^f fc 

v>. BM»^-^-|HJ<0|g(Bt/h3<bTD*^S<-r*c 

R#Otttt»»ft«T»4, ^/c/0^>|gcor>> BA«3«© 
[0 0 0 8] *?LK^U V*-A€:fpJ5Kf *fc*fctt, 

a*TV^«. HMa*H»flP»4 5 6 8 3 7 0^*5 

4 3 7 8 9 8 5-^T«Cl<7)^S^ffi^TV^. £ 40 

[0009] 7t-A$ffffit^ft^Sm ? J 



StJffi^@1$fF^4 1 3 6 8 2 8-^*J:tXSB4 2 0 3 

[0 0 10] »lc*58Wlctta-r*»W4lWE*H»flF 
S4 6 8 4 3 8 HCDftffKte, ffi»C0A*- 

Affr*»B«*e*snTv>*. t^s 

WfljfcKfisn* ^vx*(Dm&M<Dmz¥n\zmi&v 
[ooii] 7 1 - As^ntto? sens* 

■MB-r^lCO*, ltfB*H^fF^4 6 8 4 3 8 4^T 
WF©JII2«I»2 1-2 6ffBfctt» **CD/t-^-*»ffl^ 

ftS&V*. fle^T. Jtia#H*MffB4 6 8 4 3 8 4^(0 

«sm;*5bw t habits. 

[0 0 12] 

n-^tl^U -7 * - A©£«<&— T^lt 

#«fl©35 6fc*OI»tt^ , J7*-AO-«» 
3Ktffc»-3T»»-r*A-^-fcflBViT^U 7^-AOfi 

[0 0 13] 

tw&a»ic»5Tit»sn*;t-t©7Hswt 

to!B»tt^-t^y r J"7*-AO- 

[0014] ^etrpjaatc«, ^sos^Tia:, **w 

(a) B*^n«tt©a«8B»S»«U* 

(b) X-hMfflA-t^7H^t, 

(c) ±3BT WOftA-^^U^^-AOffifflpJtB 
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(4) 

5 

h^tSffl rt-tOT W i±ffittJ58gWfc©ffltCffl*rfi<) 
ftM»ijIi!> ; ££ C d t lc«fc t? T-LtBaisEgW-kic 
h tt^U 7 1 - ASMtilS 

[0 0 15] 

l£, M-t7K 2 3I463L&WU 2 J <OW.fttt£.Vt 

s^iciem j &*ita»sn, *noi»4>ttBCRa 
testcnanT iim ^a^^t?-*. «#rf£it*s© 

J^— tt*a«-r-5©&t&l**&«>lcas*a*3 JttA-^- 
©|IBWdfc*LV»#»*V»tt*n*0^**V>Cia» 
»S:L^. £&. ©Sr3gb;£U4. Ctifc5£ 

gr?vy* - A©«^7jft ©^-tt£&#-r * a w©fc 

[0 0 16] I2fcjRSnTH5J:5l:. #589IK:J:o 

£fbt^5T*55. CL©8B#©;63I4.J "C^D. d 
© J »4±3£L&#lJli££l*S. -Tftfc-fe. J I4d ICSS 

[0 0 17] Jfc«rT-5£» Bl®«a«i©^ftTM 

sn&yu ^ 2 d 

L < 75^ateL-fc«ao 3 t3©A*-t-**2 d 

-c€r^Vig$cog«2 dco^--y--e*o. c:ni4Ai* 

fcA-^-*fflV>Ttt*a«©*B©X- h*£8l&S£*8 

vvRS©»<M43&»::a#£fc?>, ea*.i4, m.$&M\z 

*D. 5r>©*B/t-:*"Ctt6 d©t-y-tf5^ 
[0 0 18] ^'J7*-A 

yO^n-^nn^it/d-eftO. £fc«£5fei£0S©*£©» 

S(ie«*«lt. *»w©»^©a»a»**d-c**fc'r 

•fc^lCft-S. 

asua&fi'a «£5fct£ffi) = l - (n - i)*d 

±g = L + (n - l)*d 

ffifflnJfgftfiS = (n - D*d 

£g (^fgfJB) = (n + l)*d 

[0 0 19] cne. 2-3©^&©#jSPI4:#C©<fc'5lCft 
-5. 50 




4$m§sF4- 2 6 0 6 1 8 

*»* = [ L - (n - l)*d]/C L + (n - 1)* 
d ] 

$b$L = (n - l)*d/(n + l)*d = (n - 1)/ 
(n + 1) 

[0020] •7ijy*-2x<n&2\-z--fflzWito,mf3;$m 

*5 J; XS/ * }4T8t Ic * It -5 Vm±.<Dft$L \Z J; o T@£ 
3nTH5*e.. av»8fcBtj$S»— KKn©M©JMiflJfc 

MIC, #5£W©^£l4n©ii;!ralC#oT. llCifi^f<. 
[0 0 2 1] mm Bifida lC:b/£-3T*HtfHcJ3-ft 

^tt*w-r^^'j75i--AS:^-r«.fe*ictt, *%bj 

©SBI4TIB©#IS*fr^.^t*W*L^. S8HC, 

-en? & H««D#«**rf s a* - t-c«^a ntA- - 

©14 £ t3 #*t^/M?35 & A*- j-<DMft-Vrt- 7-<D1Et)& 
T©*as#*«£ , r2> «t p K-f -5 z: tic iot/t- t-m© 
145.^1* £t£«T?l** C t*^Jo fc. 
[0 0 2 2] 0D3J4. *£*©X- hi£*SfflA-:J-S:ji£ 

dsn©#<t4i t?©BBn*'>e.^5AP*''5«iSc©* , j x 
x# eft-amp s-ejtfrT 5. fflpffl^-u7^x*<a 

Sc-CSi^^fcftlC. <S-ir©^-'J7w , XW©l46.r3^^U 
X^XWiffllCOViTJP^bbTtliP^SSIC^It^A---^ 

ra©i4e>o^*tjti4eti/jN$<ft^«i6i75t*s. to;*, a 

□-c«H@©WPdtffl^e.nTV^^6, ic©SSgpic* 
It -5 A - -y m © 14 5 ~d # 14 Hi P J: 0 A * < ft -5 « IrJ 

fiEt?T> A-7-iw©^©i4e.r3ir*6^-r* 

£«>ICI4. A'-f ©JEE#fiT©*S6#atfflPS«gBTa=-f 
£«k-5ic-f sc£a<$fS:l^. ;cni4AP©»r®*a£A 
# < t -5 r <h let -d T^S iciH5[-e 5 . 
[0 0 2 3] A-^-K©l4e.O^*i!>ft<-r2.CtlcSg 

it. ?v>^m<D®wmfm\zit&i#3i&^®m<ox 

WlC»e>riTVi-5«i;5lc. J;D{£V^X*5«tr/KSll©« 

a^ffl^SCiilcdcoT^Dte^SB*©^- 

n. *fc«t(9^S^HlS^aJS*5<i;^/'Sfcli«tCH£^^ 

#e.n, tti;©ffl&icfflv>£.n-5!&5£©k->£rate;i£ 

n-5 A*- f 7 W ©#14t 7 * - A©B>iM©ft^» 
iffi^©IIScT&S. 
[0 0 2 4] X- httSJSB5A^i?>^lCAnj2.* 

Tt)«-ttO*t*Wl£»6nfc. #IC A*— t 

yu^^-Aoa^ic^it-g)^^. cne©ssn^ 

1) ^'J7*-A©g$ICt5fc-3Tltilse«)^-T*0> 
*>>0 2) yj^^-AWS^TilnlWttiSIC^UT^gW 

csbt?»* <fc 5 icieraians. 

[0 0 2 5] cn^©^mSitl4, ^U7*-i»©S^lC 
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(5) 

7 

*y T7>f xcoy CTAtf/\n^7A«ii$rfflV^e:t 

y ? * - e> w:iB* £ 5 icssn* . 10 

[0 0 2 6] ±8a<&4#«fcHlI*.T. ;t-t7Hi^'J 

t-^sffl^5i:t^iK ^y^^-A&fp/fi-r 

to 0 2 7] ±«©J:5lc, *»W»4*W*»7T-f A 

&^j«-r*©fcffiffl"r5fc«&o#?LH*f9x^ r y 
->>^;]^- H^t;^- fopo^o^t-t as»« 

?%fr®<D7vy*-&\zmmpim^&2>, *»wb7' 

U 7*-A4#«ftBtno(ttOi»tff*t*fc6 » 

[0 0 2 8] «*tf, *»M©Wt*ttftffl*tt3>V 
y-r- hanft:(consolidated)37ny Y\Z9?y F£ 

(cane ovcrcladding) t bTtt*Wfc»6tlTVi*ffla 

-f KioTSwn*^- M*s/y*t i *fc»4*nK 

±co F -A> F £©ig'&«!rt?fc£>. 5 KJB 

v>e>nfc*&-&tct4, x- f<z>s&j&*4, y»j7t-Aoa 
[0 0 2 9] *»?B**jrr*©^ab&atB39«H3'- 




1WT4-2 6 06 1 8 

8 

oTfc, 2:<0»*K»4*«»IIBfci«tSn*^y-> 
T y TT^H (c 1 ean-up t i me) (D&tfe\Z £ o TgI(Z)4i 

[0 0 3 0] iitSi, 03- 6CD^Htt^y^^- 

a i 7 wi:Bisn*A9y^3 3 1, n-^rv 
<i 2 3 c©^-t7H Kiistfx 
©7-7*;vh3 1 A-t7wsasa (sn) 

3tt£fc&C9*iry5?3 5 ;/y 7* - A0Z>l£»fc:3* 
MBIB*X>Hfc-j'7 7t, 7 f U7*-A©I«l: 

««t«4 3i, ^©»I©A-77W/M7* 

[0 0 3 1] ^y y*-& 1 7\X?-*y9 2 743<fctf2 
9lC<toTA^> ? >^3 3rtK#JhbT*Bl[©IBlR]ttJB 
icff^^ti^o X- h©W ^^>(laydown)ff5lC, :/ 

/\W>if4 7*4. X- F • Wf ^>:ne<Dif£#ttSl 
[0 0 3 2] A-:M 3tt7-7t;Vh*3 1 JlfcStDf* 

#*lv>. 4-f >^oyt-y-<D;^-^wm 

>^~c, i im<Drt-j-&m&Lx^tio zLom-siz 

[0 0 3 3] 03*J:t;4l:SSnTVi5J:^l:, A- 
:HC»4A-:J-#A-5 7$Sft5^t*tTf, ^LOOA 
-t*A-^U7t-A©^5/ , ?-tSfiat^i: 

H5 45<k(^6tr**nT^S«k5^ A-:M4* 
[0 0 3 4] ^n^^;i/K3 U4&A-;M 3fcffl3;tf 

o T # A - 5" *C» L V < mm*} X Sta-Scfcp 
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(6) 

9 

[0035] i) w ^>xg<&»»K:tH56«». m 
* rotten <# A/ttDfflL#B) 3«ia 

lC> 7>fW37, 3ff 39, A9y>yff«^P73 

9, £«ktX#efflv^3M^ 6 1 .fcDftSffiAtifflSB 

£««S4 3CrtJ5*rt»C, «oTA^^3 3(Og 
[0 0 3 6] A-±7W 2 3imU^3 5fc<koT 

n»*£5i;::3>if a.-^ww^*!*. ^^^35 

<fc 5 fed t3&*ftVse»»*»U -7^7 U > j/& ftffb 
TV*<5E£a«#*bV*. &)B> 7W £«9j2i*£*:g> 

[0 0 3 7] ±a><7)J;5tc, ;t-t7H©Ift©S* 

¥»ftnM<O^U 7* - /xStfiUtav^ 6, 
7 U-f 

[0 0 3 8] tt***-teT€»fc»fcttfi«l»«^«» 
1. ttttiiS^X- h»»t^U7*-AO»««ft 

i/(jog)3^«fcR*ltt^ff±r*t» *o**»frtt 
BT, »V^WK««X-hcD«*t*<-r»fci*te» 

>X04* t? fcW**lSlOffifi*«ai^Hia"f * £ 5 
*§gt03R^lraHT*. t£oT> i?ajf0ft3tt. « 



4#|»¥4- 2 6 0 6 1 8 

JO 

3. #fiKK03tt*tt*n««*-r«»j«ic*Jt*yu ^ 

S£oT, $fSgWfcBS***»#K: 
Ktofc-^TifiBWfc, T?**«tt^— ft«T«UIBBI*» 

4. A*- ±7 Wa>4»A9dEBAflB$ti%^&« tfS 

[0 0 3 9] ^n^Wll »Tjgb^^)«^f^^»tW 

[0 0 4 0] RHOftttOfe&IC* C©Hfc*2nfcA 
^->»4/1-*-©mH«« 1 0 0 5U^- h;U<hbT*5 
9, ^A-^-^A-^<D^- A^^S^a >*+ifr£b*: 
■^U7*-A02 0 0 > U wk0*«±k:x- h£ 

[0 0 4 1] H7©^->TB, aE«a)^3^0*-< 
X£— ffifc«#Lfert*&;&«<0^3 y©lM X*«3E"T 

7H (S«H'J7H jWCi^T, 

Bf££5lr&M$1i-£ (interleave) . 
[0 0 4 2] EG>A^->G>*8J0>2 OO^a tf&mi 
tC«SftT*?K fe0^3^ttflWBT'r'<TWi:iJ-< 
X^ftT^O, *©^adf»4*ft«T?, 
fpjlc«J:oT£cDS?a^<J:t)D^U^- 

0%, -T3S:fc-6BI7Ttt2 

- t>i/(interlcaving)**S"^*&a&fctt, £ 
lO^aJf*, 11. 2 1, 3141; 5161. 7 

K i«a©^aif-cafT»iEans. 

5feco 1 0 co>?3 ^HjE5£JC< >^ - U -^r^rc^lC 1 
1, 3 1, 5 1, fe«kff7 1#BO^3^t*0^3^ 
fc+0.5D*£WifcEU 2 l*cfctf6 l*B©S?3iftt* 




(7) 

11 

<Dz/3 ^£-0.25Df£tt^IEU 4 1^8 

z?S tntt<Di?3#& J tn?n-0. 625D:fcJ;<yH). 875D 

[0043] mmz, ±E©/i*->ttifr3S Koran* 
[oo4 4] u^y^>xmmz. ;t-ti3*5fflss 

?&m7uV3 9£* flT^t'Jy3 5 t^-nottSS 
«**^Tfc<k^tC^D7 4 

»KMMf7 UIoTA^y>3 30JIg&£ajT, 3S» 

£ m & * srdjn s a 

n^>o 

[0 0 4 5] n—T7V<i /M7*-AHWlC*tf-5 
SAO*nttA— *A5 5* *£1&S§4 3, iRft^>^4 
5ft6tffc»«6 7fc*5»t*AC7i^>^©rtfi<0*<*:t 
l/T(DSi4«»ttfcJ:otMfli$ns. ««6 7 £Sftn 

[0 0 4 6] An* A 5 5ttTZ^H3 1 £5£:£lC£2 30 
WO \Z$>Z>m&\Zis-)l7 3fc«fcr>TA">^>£f 3 3 CD 

- AfH«fcA*S!»i^ 5±*oai**l»S-r* i £ t> 
\z. t©ffi«t^'J7*-A©iW:»LT*awi:i 

£ CD AX* Ate, >^<7)^-^<Dl®, 2. 

[0 0 4 7] tt»S4 3}jA-t7K 2 3©±^»J 40 
;fe*TU *n©/£^ii»*4X*^>^4 sclent 

m&w®-rz>zt.i>mi£v^. zLtizom&mzryu 
>^^^^^m^n\tco^f^mm^^^^oiz 




«MH§¥4-2 6 0 6 1 8 

12 

[0 0 4 8] *>*4 5tt*t*»te»T*Bn^lBoT 
$613, «ft£ft#tttftS4 3£fflT*>^7 4 5 
[0 0 4 9] ^f&l::, 3 0-f >^CQ(tffi**TSiR^ 

k 8 1 wmtfi 2 < >^«*a«*jw»*ttT»* - 1 

/t-tl3t*7l:lfc««T, ^J7*-A17©« 

[0 0 5 0] ±B0&ffiMttttB&12OOcfm0:r-4' 
S&te*^«¥**jfc»ic, ;t-t7W2 30Ti:Bt 

£nfciSffl*X>Ffc-^ 7 7 *ffl^T^U 7t-AO 
[0 0 5 1] X>Hfc-^O«l** 1 H8<0X - 

7*-^#-f >H4. Jtm*X>Hb-^7 7 tCft^-X^ 
»J7* - A<£>JggEC:{g;a*x> Hh-^^ffl ^Tf^^S 

[0 0 5 2] ax* A 5 5t-8l:*J:OTOArAA 

ai/W-t7 7*ffl^&Httt>fT«Cton&. AX* A 

A=*A*«Vifc«-&J:0»»/ha*ofc. U*U * 
fr©S»*ttH 8 ic^nfc D;*£< fflz&nit. 

[0 0 5 3] S&fc«©*I**fTfc^ 
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(8) 4#3B¥4-2 6 0 6 1 8 

13 14 

e overcladding)^HJ8$n, *nic<fcoT*#snfc* &l>o ±2l/rc7KI»fi*<!:RSl:, EnSOXi: 

v F^ttelSg^fbCDJjS l/3TSof;. [0S<DffimftIftPJl] 

[0 0 5 4] Httfc, 7z-fA^i3>yij^- h^rnfe [01] ^JLJttf ^X:/ U 7* - ix*fpJEjtr<5fc»Ot£ 
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